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Course Materials and Q&A

A Webinar recordings, PowerPoint
presentations, and the homework
assignment can be found after each
session at:

I https://appliedsciences.nasa.qoV/|ol
n-mission/training/english/arset -
atmospheric _-co2 -and -ch4 -budgets -
support -global -stocktake

A Q&A: Following each lecture and/or by
email:

T  sean.mccarthey@nasa.qgov
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Homework and Certificate

A Homework Assignment:

I One homework assignment submitted via Google Form
I Due Date: Wednesday, June 8

A A certificate of completion will be awarded to those who:
I Attend all live webinars
I Complete the homework assignment by the deadline (access from website)

I You will receive a certificate approximately two months after the completion
of the course from: marines.martins@ssaihg.com
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Objectives

After participating in this session, attendees should be able to:
ADescribe the processes that add/remove CO , and CH , to/from the atmosphere
AEprain space -based, airborne, and ground  -based measurements of CO ,and CH ,

AUnderstand how CO , and CH , emissions and removals (fluxes) are estimated
globally using inverse modeling

AUnderstand how top -down CO , stock loss estimates can be compared to
Inventories

ARecognize methods for quantifying CO  , and CH , emissions from localized sources
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Review from Part 1.
Bottom -Up Inventories and Top-Down Atmospheric Budgets

ﬁ‘\~ ﬁ \ e \
Top-Down ﬁ_ﬁ_ﬁly ppm 415 ppm 41:2 ppm
Atmospheric e > €Y Wind > | U—>
Budgets Estimate Fluxes using an
Atmospheric Inverse
model
Bottom -Up
National PetaJoules /yr x tCO ,/PJ + Hectares Field -Forest x tCO ,/hectare  +
Inventories 1 tCO ,/yr = Activity x Emission Activity x  Emission
Factor Factor
Prepared in accordance with the Intergovernmental Panel on Climate Change ( IPCC)
Guidelines for GHG inventories, as adopted by the Conference of Parties ( COP).
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Review from Part 1: n '-.
A Few Definitions: Stocks, Fques,/Sources, and Sinks

 —

Consider a basin with faucet and
a plug at its bottom.

A The amount of water in the basin
IS a measure of its stock .

A A processes that adds water to
the basin is called a source .

A A processes that removes water
from the basin is called a sink.

A If the faucet is turned on, water
accumulates in the basin,
Increasing the stock.

A The rate of increase of the stock
in the basin is called the flux.
I Sources yield positive fluxes. \

I Sinksyield negative fluxes. Sink
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Similarities and Differences Between Top -Down CO , and CH , Methods

Top-down methods are used for quantifying CO , an CH , budgets. The approaches for these
two gases have many similarities but also important differences:

Similarities:
@ Atmospheric CO , and CH , can be measured using similar remote sensing methods.

Q Surface -atmosphere fluxes can be estimated from atmospheric measurements with
Inverse methods

Differences:
o Different natural processes and human activities emit and remove CO ,and CH ,
q Often different applications, such as land carbon stock change (CO »,) VS natural gas

leaks (CH ,), that have different precision, accuracy, and spatial resolution requirements.
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Outline

Part 2.1: Carbon Dioxide (CO )

2.1.1 Processes that emit and remove atmospheric CO 5

2.1.2 Space -based, airborne, and ground  -based measurements of CO
2.1.3 Inverse modeling for estimating CO , emissions on regional/national scales
2.1.4 Estimating carbon stock loss for comparison with national inventories

w K W

Part 2.2: Methane (CH ,)

o 2.2.1 Processes that emit and remove atmospheric CH 4

o 2.2.2 Estimating CH , emissions on regional/national scales

¢ 2.2.3 Estimating CH , emissions from intense, localized sources
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2.1.1 Emission and Removal of CO ,

Q Plants pull carbon out of the atmosphere as they grow and release carbon as they rot.

Spring -

tr:es gtart to Summer —

grow, and strong growth,

take CO, from f;rrzg\g/al »

atmosphere CO, from
atmosphere

Fall- trees

not growing, Winter -

leaves start to decay

die. When finishes, then

they plants are

decompose dormant

CO, goes

back to

atmosphere
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2.1.1 Emission and Removal of CO ,

Q The biosphere continuously exchanges large amounts of CO

Q@ Oceans also absorb and release a lot of CO , each year

Q Fossil fuel use, land use change, and other human activities add CO
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, With the atmosphere

, to the atmosphere

Gross CO2 Fluxes:

Land Biosphere
A Emissions ~550 Pg CO, yr?
A Removals ~560 Pg CO , yrt

Ocean
A Emissions ~330 Pg CO, yr?
A Removals ~340 Pg CO , yrt

Human Activities

A Emissions ~39 Pg CO, yr!
A Removals ~0 Pg CO , yrt

(1 Pg =1 petagram =1 billion metric tonnes

= 10%5 grams)


https://urldefense.us/v3/__https:/public.ornl.gov/site/gallery/originals/CCycle_cover_image.jpg__;!!PvBDto6Hs4WbVuu7!ex_-bWMR40sxOffEEu0D6-6Y2DXLV5zLNhRwW9E22uiyoqDbaAcOZgZ9SMk9DqUj48SgKQwisA$

2.1.1 Emission and Removal of CO ,

@ Fossil Fuel (FF)consumption and Land Use Emissions (LUE)have been releasing
CO, from the geological and biosphere reservoirs to the atmosphere.
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FF and LUE data from Friedlingstein et al. Global Carbon Budget 2021, Earth Syst. Sci. Data Discuss. [preprint],

https://doi.org/10.5194/essd  -2021-386, in review, 2021.
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2.1.1 Emission and Removal of CO ,

@ Fossil Fuel (FF)consumption and Land Use Emissions (LUE)have been releasing
CO, from the geological and biosphere reservoirs to the atmosphere.

o However, measurements of atmospheric CO , Sshow only about half of this CO ,
stays in the atmosphere.
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CO2 data downloaded from

FF and LUE data from Friedlingstein et al. Global Carbon Budget 2021, Earth Syst. Sci. http://scrippsco2.ucsd.edu/data/atmospheric_co2/primary_mlo_co2_record - Keeling et
Data Discuss. [preprint]’ https//d0|0rg/105194/essd -2021-386, in review, 2021. al. EXChangeS of atmOSpheriC CO2 and 13CO02 with the terrestrial biosphere and oceans .

from 1978 to 2000. I. Global aspects, SIO Reference Series, No. 01  -06, Scripps Institution of

h Di 2001.
%ccrearéo%ap y, San Diego, 88 pages, 200
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2.1.1 Emission and Removal of CO ,

=n | > e

Q 41% of anthropogenic CO , emissions remain in the
atmosphere [Friedlingstein et al., 2021].

Natural sinks that remove CO , from the atmosphere:

Q Oceans have absorbed 26% of anthropogenic CO
emissions [Friedlingstein et al., 2021].

largely driven by the atmosphere  -ocean partial pressure
difference (due to increasing atmospheric CO 5)-

Where CO , ends up

Q Terrestrial ecosystems have absorbed 30% of

anthropogenic CO , emissions [Friedlingstein et al., 2021].
" Anthropogenic activities (deforestation, reforestation) impact
the land sink, but other processes (CO , fertilization, climate
change) also contribute.
y Main drivers of carbon uptake by terrestrial ecosystems are
Source: Friedlingstein et al 2021; Global Carbon Project 2021 not well understood, and likely vary by region.

Friedlingstein et al.: Global Carbon Budget 2021, Earth Syst. Sci. Data Discuss. [preprint], https://doi.org/10.5194/essd -2021-386, in review, 2021.
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2.1.1 Emission and Removal of CO ,

Goals of Top -Down Global Stocktake (GST) CO , Datasets:

Driving Questions:
1) What are the net CO , emissions and removals for countries?

2) What is the change in terrestrial carbon stocks for countries?

Method:
1) Measure atmospheric CO , at high spatial and temporal resolution over the globe.
2) Perform flux inversion to estimate the surface  -atmosphere flux from variability in

atmospheric CO ..

3) Calculate loss of land carbon stock loss using ancillary datasets.
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2.1.1 Emission and Removal of CO ,

Concept behind a CO , flux inversion:

415 ppm

@
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2.1.1 Emission and Removal of CO ,

Concept behind a CO , flux inversion:

415 ppm
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2.1.1 Emission and Removal of CO ,

Concept behind a CO , flux inversion:

415 ppm 412 ppm
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2.1.1 Emission and Removal of CO ,

Concept behind a CO , flux inversion:

415 ppm -412 ppm =3 ppm of CO , absorbed by the forest

415 ppm 412 ppm

2 >
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2.1.1 Emission and Removal of CO ,

A Variations in atmospheric CO , are caused by a combination of emissions/removals and
transport by winds.

A To estimate emissions/removals, we need dense measurements of CO , and knowledge of
winds. - ——— R — e —

_— ' -

¥ask 2006 /01/01

Global Modeling and Assimilation Office
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2.1.2 Space -Based, Airborne, and Ground -Based Measurements of CO ,

Datasets of Atmospheric CO :
1) In Situ Measurements

E Advantages: Measurements are precise and accurate, and records extend over 60 years.

E Disadvantages: Coverage is sparse outside of North America and Europe.

Distribution of in situ CO , measurements

NOAA's Mauna Loa Atmospheric Baseline Observatory is perched

high atop Hawaii's largest mountain in order to sample well -mixed
Number of in situ CO , measurements over 2015 32020 background air free of local pollution.

Credit: Susan Cobb, NOAA Global Monitoring Laboratory.
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